Cardiovascular disease (CVD) is a major contributor to morbidity and mortality in type 2 diabetes, but the relationship between CVD and type 2 diabetes is not well understood. The Diabetes Heart Study is a study of type 2 diabetes-enriched families extensively phenotyped for measures of CVD, type 2 diabetes, and metabolic syndrome. A total of 977 Caucasian subjects from 358 pedigrees (575 type 2 diabetic relative pairs) with at least two individuals with type 2 diabetes and, where possible, unaffected siblings were included in a genome scan. Qualitative traits evaluated in this analysis are with or without the presence of coronary calcified plaque (CCP) and with or without carotid calcified plaque (CarCP) measured by electrocardiogram-gated helical computed tomography. In addition, prevalent CVD was measured using two definitions: CVD1, based on self-reported history of clinical CVD (393 subjects), and CVD2, defined as CVD1 and/or CCP >400 (606 subjects). These discrete traits (type 2 diabetes, metabolic syndrome, CVD1, CVD2, CCP, and CarCP) frequently coincide in the same individuals with concordance ranging from 42.9 to 99%. Multipoint nonparametric linkage analysis revealed evidence for coincident mapping of each trait (type 2 diabetes, metabolic syndrome, CVD1, CVD2, CCP, and CarCP) to three different genomic regions: a broad region on chromosome 3 (70 -160 cM; logarithm of odds [LOD] scores ranging between 1.15 and 2.71), chromosome 4q31 (peak LOD 146 cM; LOD scores ranging between 0.90 and 2.41), and on chromosome 14p (peak LOD 23 cM; LOD scores ranging between 1.43 and 2.31). Ordered subset analysis (OSA) suggests that the linked chromosome 3 region consists of at least two separate loci on 3p and 3q. In addition, OSA based on lipid measures and other traits identify family subsets with significantly stronger evidence of linkage (e.g., CVD2 on chromosome 3 at 87 cM subsetting on low HDL with an initial LOD of 2.19 is maximized to an LOD of 7.04 in a subset of 25% of the families and CVD2 on chromosome 14 at 22 cM subsetting on high triglycerides with an initial LOD of 1.99 maximized to an LOD of 4.90 in 44% of the families). When subjects are defined as affected by the presence of each trait (type 2 diabetes, metabolic syndrome, CVD1, and CCP), significant evidence for linkage to the 3p locus is observed with a peak LOD of 4.13 at 87 cM. While the correlated nature of the traits makes it unclear whether these loci represent distinct type 2 diabetes, metabolic syndrome, or CVD loci or single loci with pleiotropic effects, the coincident linkage suggests that identification of the underlying genes may help clarify the relationship of diabetes, metabolic syndrome, and CVD.
D
iabetes has been widely recognized as an independent risk factor for the development of clinical atherosclerotic cardiovascular disease (CVD) (1) (2) (3) (4) (5) . For example, the relative risk of cardiovascular death was 2.1 for men and 4.9 for women, comparing diabetes-affected with nondiabetic subjects in the Framingham Study (1) . Diabetes substantially contributes to the development of premature mortality and morbidity from CVD and atherosclerotic heart disease, and patients with diabetes are at increased risk of mortality from coronary heart disease (6) . In individuals with diabetes, genetic susceptibility as well as other factors (hypertension, microalbuminuria, blood glucose control, etc.) ultimately culminates in a diffuse disease process: diabetic macrovascular disease. These complications are common, afflicting the majority of diabetes-affected individuals. CVD accounts for 65% of deaths in diabetes-affected individuals, and in the state of North Carolina alone diabetes accounts for a quarter of all CVD hospitalizations, costing $629 million in hospital charges in 2000 (7) and representing a 50% increase from 1997. For a problem of such magnitude, little is known about the underlying biological basis for the association of diabetes and CVD. The identification of genetic components and their correlation with environmental risk may help focus on both treatment and intervention strategies.
While the relationship between CVD risk and type 2 diabetes risk has been extensively documented, the relationship of incidence and progression of diabetes and macrovascular disease has not been adequately addressed.
Risks for CVD and type 2 diabetes are widely accepted as being due to genetic and environmental risk factors; indeed, many of the risk factors for CVD and type 2 diabetes are thought to be determined (at least in part) by underlying genetic factors (e.g., insulin resistance and obesity).
Several hypotheses have been put forth to explain the relationship between CVD and diabetes. Some reports indicate that the primary biochemical abnormality of diabetes, i.e., chronic hyperglycemia, directly (and independently of other CVD risk factors) leads to an increased risk of CVD (8) . In an opposing hypothesis, the atherogenic risk factor profile in diabetes, and not glucose per se, is implicated. Diabetes is known to worsen CVD risk factors such as insulin resistance, obesity, HDL cholesterol, and blood pressure. All of these factors are known to contribute to an increased risk of CVD. Others (9, 10) have challenged these hypotheses with a theory that CVD is not a consequence of diabetes but that these two conditions share common antecedents. The insulin resistance or metabolic syndrome has been hypothesized as one such common antecedent (9) . Another theorized common antecedent is genetic susceptibility (9, 10) . That is, a single gene or several genes are responsible for both chronic diseases.
The Diabetes Heart Study (11, 12 ) is a study of genetic and environmental factors of CVD in families highly enriched for type 2 diabetes. It represents one of the few, if not the only, study in which diabetes and multiple measures of CVD, including vascular calcification, can be simultaneously evaluated to assess the relationship between genetic and environmental contributions. In this report, we describe linkage analysis of discrete traits: type 2 diabetes, metabolic syndrome, and multiple CVD measures.
RESEARCH DESIGN AND METHODS
The Diabetes Heart Study is being conducted in Forsyth County, North Carolina, to study the genetic and epidemiological origins of CVD in families affected with type 2 diabetes. Siblings concordant for diabetes were recruited from internal medicine clinics, endocrinology clinics, and community advertising. Type 2 diabetes was defined as a clinical diagnosis of diabetes after the age of 34 years, in the absence of historical evidence of diabetic ketoacidosis, and active treatment at the time of examination. Unaffected siblings, similar in age to the siblings with type 2 diabetes, were also invited to participate, as were any additional diabetes-affected siblings. The sample includes Caucasian and African-American (ϳ15% of the total) participants. The results reported here are from 977 Caucasian subjects from 358 pedigrees with at least two individuals with type 2 diabetes (575 type 2 diabetic relative pairs, 1,122 total relative pairs). The family structures of the subjects (both affected and unaffected in each family) included in the genome scan are 216 families with 2 sibs, 80 families with 3 subjects, 34 families with 4 subjects, 14 families with 5 subjects, 7 families with 6 subjects, 4 families with 7 subjects, 2 families with 8 subjects, and 1 family with 10 subjects. For the 216 families with two sibs, each sib has type 2 diabetes. The larger families have combinations of type 2 diabetes-affected and -unaffected relatives, but each has at least one pair of type 2 diabetes-affected sibs.
Individuals with serious health conditions, e.g., renal replacement therapy, were not eligible to participate. Recruitment was based upon family structure, and there were no inclusions/exclusions based on prior or current evidence of prevalent CVD at the time of recruitment. Clinical evaluation. The participant examinations were conducted in the General Clinical Research Center of the Wake Forest University Baptist Medical Center and included interviews for medical history and health behaviors, anthropometric measures, resting blood pressure, a fasting blood draw, and a spot urine collection. Laboratory assays included urine albumin and creatinine, total cholesterol, non-HDL cholesterol, LDL, HDL, triglycerides, HbA 1c (A1C), fasting glucose, and blood chemistries. A detailed medical history was collected with emphasis on CVD.
In addition, a resting 12-lead electrocardiogram (ECG) was performed to assess history of clinically significant (past or present) CVD. All ECGs were performed in the General Clinical Research Center and read to detect clinical (or subclinical) evidence of coronary heart disease. ECGs were recorded on a Marquette ECG machine and transmitted to the ECG processing stations of the EPICARE center at Wake Forest University for coding, following standardized extensively tested procedures using the Novacode ECG program to produce quality grades of each ECG received as a part of the overall quality control process. Prevalent ECG abnormalities are classified according to the Minnesota Code (13) .
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FIG. 1. Concordance of discrete traits in the Diabetes
Heart Study subject population. Metabolic syndrome was defined using criteria established in the third report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment in Adults (Adult Treatment Panel III) as the presence of three or more of the following risk factors: waist circumference Ͼ88 cm in women and 102 cm in men, triglycerides Ն150 mg/dl, HDL Ͻ50 mg/dl in women and 40 mg/dl in men, blood pressure Ն130/85 mmHg, and fasting glucose Ն110 mg/dl or a diagnosis of diabetes (18) . Genotyping. DNA extraction was performed using the PureGene system (Gentra Systems, Minneapolis, MN). A genome-wide scan was completed by the Mammalian Genotyping Service (Marshfield, WI). A total of 1,177 samples from self-reported Caucasian and African-American subjects and 411 polymorphic markers were analyzed, giving a total of ϳ494,022 genotypes. The results reported here are from 977 Caucasian subjects from 358 pedigrees. All of the markers were taken from screening set 13 (19) , which largely consists of tetra-and trinucleotide repeats at an average spacing of 9.3 cM and no intermarker gaps Ͼ9.9 cM.
Each pedigree was examined for consistency of familial relationships using PREST (Pedigree Relationship Statistical Test) (20) . When the self-reported familial relationships were inconsistent with that determined from the observed genotypic data for that pedigree, then 1) the pedigree was modified when the identity-by-descent statistics suggested a very clear alternative or 2) a minimal set of genotypic data were converted to missing. A total of 16 pedigrees exhibited probable incorrect familial relationships and were modified as above, with 15 of these changes being from a full-sibling to half-sibling relationship. Each genetic marker was also examined for Mendelian inconsistencies using PedCheck (21) and sporadic problem genotypes converted to (22) . Linkage analyses. Multipoint linkage analyses were carried out using nonparametric linkage (NPL) regression analyses using the NPL pairs statistics outputted from a modified version of Genehunter (23) (24) (25) (26) . Ordered subset analyses (OSAs) (27) were computed to investigate the influence of quantitative traits on evidence of linkage of the discrete traits under study. In this analysis, the following clinical measures were assessed: lipids (total, HDL, LDL, and non-HDL cholesterol and triglycerides), measures of glycemic control (fasting glucose and A1C), inflammation (C-reactive protein), and body size (BMI and waist circumference). OSA ranks each family by the family-level value of a covariate of interest and identifies the contiguous subset of families that maximize the evidence for linkage. Details of the application of this method in our laboratory have been previously described (28) . For the purposes of this study, the family mean for ordering subsets was calculated from affected subjects (i.e., type 2 diabetes or metabolic syndrome, etc.) only. The statistical significance of the change in the LOD score was evaluated by a permutation test under the null hypothesis that the ranking of the covariate is independent of the family's LOD score on the target chromosome. Thus, the families were randomly permuted with respect to the covariate ranking, and an analysis was performed for each permutation of these data. The resulting empirical distribution of the change in the LOD scores yielded a chromosome-wide P value. The family-level means were ranked in ascending order and then the analysis repeated in descending order.
RESULTS
Marker data from the genome scan was evaluated for evidence of linkage to the discrete traits of type 2 diabetes, metabolic syndrome, presence/absence of CCP, presence/ absence CarCP, and measures of prevalent CVD. Diagnosis of type 2 diabetes and metabolic syndrome are described in RESEARCH DESIGN AND METHODS. A descriptive summary of these and related traits for the study subjects is shown in Table 1 . Consistent with a diabetes-enriched sample, the subjects in the study have high rates of metabolic syndrome, hypertension, dyslipidemia, obesity, and evidence of subclinical or clinical CVD. It should be noted also that the nondiabetic siblings of type 2 diabetes-affected subjects have high rates of these clinical disorders also, e.g., 49% have metabolic syndrome and 46% have hypertension.
Presence of CVD in subjects was estimated in two ways: presence of subclinical disease and evidence of prevalent clinical disease. A major focus of the Diabetes Heart Study is evaluation of subclinical CVD using calcified atherosclerotic plaque measured using CT. CCP is a predictor of prevalent CVD and total mortality (29 -33) . In addition, the study has collected data from other vascular beds such as CarCP. For the purposes of this report, subjects are dichotomized based on presence or absence of detectable calcified plaque in the appropriate vascular bed. Two measures of prevalent CVD, CVD1 and CVD2, were included in the analysis. CVD1 was based on subject selfreported CVD. Criteria for CVD1 were one or more of the following: history of hard events, i.e., myocardial infarction (MI) or stroke, procedures (coronary artery bypass graft, endarterectomy, or angioplasty), silent MI based on ECG, or angina. A total of 393 subjects had CVD1. The largest category for assignment to CVD1 was subjects with a previous history of both events and procedures (n ϭ 228, 56% of CVD1), and the least definitive basis for assignment was the presence of angina alone (n ϭ 43, 11% of CVD1). 
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Of the subjects with angina alone, 15 had CCP scores Ͼ400. The trait CVD2 was defined as participants with CVD1 or with CCP score Ͼ400. CCP score of Ͼ400 was chosen to be consistent with previous reports that have used this level of CCP as a definition of high risk for CVD (34, 35) . Addition of CCP Ͼ400 resulted in an additional 201 subjects for a total of 606 with CVD2.
The primary phenotypes of type 2 diabetes, metabolic syndrome, CCP, CarCP, CVD1, and CVD2, are frequently present together in subjects. This is illustrated in Fig. 1 , which shows percent coincidence of these traits in subjects. Depending upon the direction and trait, coincidence ranges from a low of 42% of subjects in the CVD1 category that have detectable CCP to Ͼ90% for multiple combinations, e.g., 95% of subjects with type 2 diabetes have detectable CCP.
A multipoint linkage analysis was carried out and multipoint LOD score curves for each chromosome were generated. A summary of subject pairs available for linkage analysis by trait is shown in Table 2 . The genomic locations for each trait in which the maximum LOD score exceeded 1.25 are presented in Table 3 , which lists trait, LOD score, and genomic location. With the exception of a small number of nominally positive LOD scores (CCP on chromosome 7, CVD2 on chromosome 10, metabolic syndrome on chromosome 13, and CVD2 on chromosome 20) the majority of noteworthy LOD scores cluster in the same locations on chromosomes 3, 4, and 14 and, to a lesser degree, on chromosome 6. Type 2 diabetes, metabolic syndrome, CVD1, CVD2, CCP, and CarCP map to a broad region on chromosome 3 (70 -160 cM; LOD scores between 1.15 and 2.71), chromosome 4q31 (peak LOD 146 cM; LOD scores between 0.90 and 2.41), and chromosome 14p (peak LOD 23 cM; LOD scores between 1.43 and 2.31). Figure 2 shows LOD score curves for chromosomes 3, 4, and 14. The pattern of linkage results with multiple traits is highly suggestive of coincident linkage of the discrete traits to the same chromosomal regions. This is especially true for chromosomes 4 and 14 ( Fig. 2B and C) . Chromosome 3 ( Fig. 2A) presents a more complex pattern with nominal evidence of linkage over an extensive distance (70 -160 cM), which is broadly consistent with the possibility of two or more peaks.
The data were subjected to further analysis using OSA, 
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an approach that can be used to evaluate linkage under assumptions that it will be more readily detected in subgroups of families in a population that are differentiated by specific phenotypic traits. This approach was used to search for differential evidence for linkage depending on quantitative traits available in each subject. Table 4 summarizes the results of OSA in this dataset, in which the estimated maximum LOD score was significantly higher (P Յ 0.05) than the initial LOD score, and the percentage of linked families in the subset contributing to the maximum LOD score was Ͼ25% of the total families. OSA results summaries are grouped by linkage locus. The number of traits and locations is large, but several observations can be made. First, ordered subsets can be identified that result in substantial LOD scores. For example, in mapping CVD2 on chromosome 3p and subsetting on lower levels of HDL, a subset consisting of 25% of the families results in a maximized LOD score of 7.04 at 87 cM in comparison to an LOD of 2.19 in the total sample. Mapping CarCP on chromosome 14, subsetting on higher levels of triglyceride, a subset consisting of 42% of the families results in a maximized LOD score of 4.74 at 25 cM and, in the same region of chromosome 14 at 22 cM and again subsetting on high triglycerides, a maximization to an LOD of 4.90 in 44% of the families was observed compared with an initial LOD of 1.99 for CVD2.
There are relatively few OSA results for the chromosome 3p locus that are significant (Table 4) , but the pattern of a proximal 3p locus and a distal 3q locus are broadly consistent with results from the unstratified analysis. Significant subsets are seen on 3p, ϳ85-87 cM for CCP and CVD2 subsetting on lower HDL and non-HDL cholesterol, with maximum OSA LOD scores of 5.19 -7.04 in 25-31% of the families. Figure 3 shows the OSA analysis of CCP and CVD2 on chromosome 3 when subsetting on low or optimal-slice HDL or non-HDL cholesterol compared with the result observed with the initial NPL regression analysis. A similar pattern is observed for several traits in the 3q region with maximum LODs 124 -148 cM subsetting on high C-reactive protein, low HDL, high LDL, and high A1C. High C-reactive protein, low HDL, high LDL, and high A1C are consistent with family subsets that have a greater CVD risk factor profile. It should be noted that these patterns appear even with the potentially confounding influences of extensive use of hypertension and lipidlowering medications in the subjects (e.g., 44% of diabetesaffected and 28% of unaffected subjects on lipid-lowering medication).
OSA analysis results for chromosome 4 are also summarized in Table 4 and present a consistent picture of subsets with significantly increased LOD scores maximizing at 144 -147 cM, corresponding to the 4q31 linkage peak observed in unconditional analysis (Fig. 2B ). Similar to chromosome 3 results, increased non-HDL cholesterol, waist circumference, A1C, and lower HDL lead to subsets with significantly higher LOD scores for CarCP, CCP, CVD1, CVD2, metabolic syndrome, and type 2 diabetes. Significant OSA LOD scores range up to 4.31 for type 2 diabetes linkage in 45% of the families with increased mean waist circumference.
OSA analysis of chromosome 14 resulted in a consistent pattern of high-triglyceride subsets for all six mapped traits: type 2 diabetes, metabolic syndrome, CVD1, CVD2, CCP, and CarCP, with a small number of other significant subsets. For the high-triglyceride subsets, the maximum LOD scores were observed between 17 and 38 cM. OSA LOD scores for the high-triglyceride subsets range from 2.77 to 4.90, and optimal-slice analysis leads to a high OSA LOD of 4.97 for CarCP. It is also noteworthy that in CVD2 analysis, subsetting on multiple traits leads to significantly increased LOD scores maximizing 21-23 cM, with a high OSA LOD score for CVD2 observed with an optimal-slice subset of high-waist circumference families (27% of families, OSA LOD of 6.06).
Due to the coincidence of the discrete traits (Fig. 1) , we performed additional linkage analyses by creating a single "super" phenotype defining affected status by the presence of type 2 diabetes, metabolic syndrome, CVD1, and CCP. Thus, in order to be considered affected in this analysis, a subject had to have a diagnosis of type 2 diabetes and metabolic syndrome with a history of prevalent CVD and detectable CCP. Based on this definition of affected status, 443 of 977 subjects with complete data for all four traits were affected. In this linkage analysis with the combined trait, evidence for linkage in the 3q, 4q, and 14p regions did not substantially change; however, as shown in Fig. 4 , a striking increase in the LOD score for the 3p locus was observed with a maximum LOD of 4.13 at 87 cM. This is compared with a maximum LOD of 2.71 for CVD2, the highest LOD score observed in the single-trait analysis. It should be emphasized that this is a result from the NPL regression analysis (i.e., is not the result of OSA). OSA analysis using the variables described above and this super phenotype did not reveal any subsets that resulted in significantly increased evidence for linkage with this 3p peak. This is perhaps not surprising since the magnitude of the LOD score effectively limits the potential to find ordered subsets with significantly higher LOD scores. OSA analyses of the super phenotype at the 3q, 4q, and 14p loci do lead to significant increases in LOD score comparable with those seen for individual traits (data not shown).
DISCUSSION
We have carried out a genome scan of discrete traits in the Diabetes Heart Study, a study of diabetes-enriched families with multiple measures of CVD. The qualitative traits of type 2 diabetes, metabolic syndrome, prevalent CVD (as measured by two definitions), presence of CCP, and presence of CarCP show a consistent pattern of coincident linkage in four chromosomal regions: 3p, 3q, 4q, and 14p. Ordered subset linkage analysis of the data reveals subsets of the families that have LOD scores that range up to an LOD of 5-6 in some cases. When affected status is defined as the combined presence of type 2 diabetes, metabolic syndrome, prevalent CVD (CVD1), and presence of CCP, a significant LOD score of 4.13 was observed in the chromosome 3p region. The evidence of coincident linkage for these traits is striking and has not previously been observed. Few other family-based studies have such comprehensively phenotyped subjects; neither, to our knowledge, do other studies have such an extensive collection of type 2 diabetic families. While the correlated nature of the traits makes it unclear whether these loci represent distinct type 2 diabetes, metabolic syndrome, or CVD loci or single loci with pleiotropic effects, the coincident linkage suggests that identification of the underlying genes may help clarify the relationship of CVD, diabetes, and metabolic syndrome.
Interpretation of these results is a challenge due to the high level of concordance of the traits that have been examined (Fig. 1) . At least two simple models seem possible. In one model, individual genes, for example a gene on 4q, may have a pleiotropic effect that contributes directly to the development of each phenotype type 2 diabetes, metabolic syndrome, CVD1, CVD2, CCP, and CarCP. An alternative model is that these loci represent linkages to a discrete trait, e.g., type 2 diabetes or CVD, which, in the context of the type 2 diabetic family-based study design, will also inherently be reflected in evidence for linkage to the other traits. Broadly consistent with the first model is the observation that when using the stringent criteria for affected status of type 2 diabetes plus metabolic syndrome plus CVD1 plus CCP, compelling evidence for linkage (maximum LOD of 4.13) is observed at the 3p locus (Fig. 4) . Thus, a homogeneous subset of "multiply affected" subjects leads to increased evidence of linkage at least at one locus. Consistent with the second model is the observation that in OSA, ordering on well-recognized CVD risk factors (e.g., cholesterol, LDL, HDL, triglycerides) leads, in many cases, to identification of subsets of families that exhibit substantial increases in evidence for linkage. A striking example of this is that ordering on high-triglyceride subsets of families leads to substantially increased evidence of linkage at the 14p locus. These are simple models so alternatives are possible, and, with at least four loci involved, different models may be more or less relevant for each locus. A clearer understanding of these loci will likely be possible when the trait-defining genes are ultimately identified. Despite our inability to clearly define the nature of these mapped loci, the potential significance to understanding the relationship of type 2 diabetes, metabolic syndrome, and CVD that would result from identification of the genes underlying them is clear.
CCP and CarCP are traits that can also be evaluated as continuous, i.e., quantitative traits. The question immediately arises whether the results of linkage analysis of CCP and CarCP as continuous traits lend support to the linkage results reported here. Analysis of the quantitative traits is ongoing, but broadly speaking there is support between the discrete and quantitative trait analysis, e.g., for CCP, LOD is 1.21 at 111 cM on chromosome 3 and for CarCP, LOD is 1.04 at 31 cM on chromosome 14. The strongest evidence for linkage with quantitative analysis of CCP and CarCP is, however, at loci different from the 3p, 3q, 4q, and 14p loci described here. This may not be surprising in light of previous analyses (11) in the Diabetes Heart Study sample that suggest initiation of vascular calcification, thus presence or absence of CCP and CarCP, and progression of vascular calcification, e.g., quantity of vascular calcification reflect, at least in part, biologically separate genetic susceptibilities.
While the type 2 diabetes, metabolic syndrome, CCP, and CarCP traits are relatively easy to accurately assess in the context of this study, we are aware that definition of prevalent CVD in this study may not be robust, as we relied upon self-report of events and procedures. While there is evidence, especially for procedures, that such self-reports are accurate (36,37), we do not have extensive validation of self-reports in this sample. A majority of the 393 subjects assigned the CVD1 phenotype had both events and procedures, and only 43 subjects (11% of CVD1) were assigned based on reported angina alone. It should be noted that the results of the analysis using CVD1 are quite consistent with other traits mapped in this study. Given the hypothesized relationship between glycemic control in type 2 diabetic patients and CVD, it is particularly interesting to observe that the evidence for linkage to both CVD1 and CVD2 on 3q (Table 4) significantly increases in the pedigrees with the highest A1C. This was among the strongest results in these data, with 66 and 80% of pedigrees contributing to the evidence for linkage for CVD1 and CVD2, respectively.
In a similar vein, while there is an intense current interest in vascular calcification as a marker of subclinical CVD, a consensus on the predictive value of vascular calcification measures has not been reached. It should be noted, however, that numerous reports (33,34,38 -40) suggest that vascular calcification, with emphasis on CCP, is a valuable marker of subclinical CVD.
Reference to other genome scans may provide some insight into the identity of the 3p, 3q, 4q, and 14p loci that we have mapped in this study. A very large number of genome scans of type 2 diabetes have now been performed in many different populations. In other type 2 diabetes scans, there is limited evidence of type 2 diabetes mapping to any of these regions with a single report of mapping type 2 diabetes in Hong Kong Chinese near the 4q locus observed in this study (41) In summary, the Diabetes Heart Study represents a unique resource for genetic analysis of CVD in diabetesenriched families. Evidence for coincident linkage of type 2 diabetes, metabolic syndrome, and measures of CVD into four chromosomal loci has been observed, and when traits are mapped as a combined super phenotype, significant evidence for linkage is (LOD ϭ 4.13) is observed on chromosome 3p. It is unclear whether these loci represent linkage to specific traits or single loci with pleiotropic effects, but the coincident linkage suggests that identification of the underlying genes will provide insights into the relationship between diabetes and CVD.
